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Background: The cold chain must be monitored continuously in order to guarantee vaccines’ quality. From field
reports and previous studies, cold chain monitoring for expanded program on immunization (EPI) is still not
satisfactory in Cameroon. This study was conducted to evaluate the availability and functioning of cold chain
equipment as well as knowledge.
Results: It was a cross-sectional study involving a multistage sampling. 3urban and 5rural districts were selected
randomly from the 19 health districts of the North West region. In each district all the health facilities taking part in
the EPI were targeted. Data were collected using a questionnaire administered face to face to health personnel and
with an observational grid to assess availability, functioning, and monitoring of cold chain equipment and power
supply. The data were analyzed using the epi-info software. A total of 70 health facilities were contacted and 65
(88.6%) of them included in the study. Fifty-three (81.5%) out of 65 health facilities had at least one functional
vaccine refrigerator. The national guideline of EPI was not present in 21(33.9%) health facilities. Temperature chart
was complete/correctly filled in 25(50.0%) of the 50(96.2%) facilities having it. About 14 (26.9%) of the health facilities
record at least one abnormal temperature during the last 2 months following data collection. Seventeen (28.3%)
personnel did not know the correct vaccine storage temperature.
Conclusion: The availability of vaccine storage equipment for EPI is acceptable in the North West Region of Cameroon
but the capacity of those in charge to properly monitor it in all health facilities is still limited. To ensure that vaccines
administered in the North West Region are stored at the recommended temperature, all District Health Services should
train and regularly supervise the health personnel in charge of cold chain monitoring.
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Immunization is the most precious gift that a health care
worker can give a child [1] and it remains the most cost
effective preventative health intervention presently
known [1,2]. Vaccines are sensitive biological substances
that gradually lose their potency with time [3] and this
loss of potency can be accelerated when stored out of
the recommended range of temperature [3,4]. Any loss
of potency in a vaccine is permanent and irreversible.* Correspondence: martinyakum@yahoo.com
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unless otherwise stated.Consequently, a proper storage of vaccines at the recom-
mended temperature conditions is vital so that vaccine’s po-
tency is retained up to the moment of administration [3].
With the declaration of the reorientation of primary
health care, EPI activities were incorporated into the
minimum package of activities (MPAs) of all health facil-
ities in the country. Cameroon adhered to the 2006–
2015 Global Immunization Vision and Strategy (GIVS)
whose one of the objectives is to ensure access to vac-
cines of good quality [2].
The cold chain system is a means for storing and
transporting vaccines in a potent state from the manu-
facturer to the person being immunized [3]. It consists
of a series of storage and transport links, all designed to
keep vaccines within an acceptable temperature rangeThis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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material and financial resources as well as standards at
different levels [2]. The cold chain remains a highly vul-
nerable point for national immunization programs in de-
veloping countries with tropical climates [5]. The
success of the EPI is therefore highly sensitive to the
cold chain status and hence its management should not
be taken lightly.
On the other hand, primary health care providers must
have adequate knowledge to manage the cold chain
[6-8]. To improve management, the World Health
Organization (WHO) has created a set of practice guide-
lines for different service levels [7]. In the same line, the
ministry of public health and her partners have devel-
oped a standard operating procedure document titled
“Norms and Standards for EPI in Cameroon” [2] based
on the WHO guidelines adapting to the context of
Cameroon.
Cold chain monitoring is still a major challenge in de-
veloping countries, including Cameroon. Previous stud-
ies suggest that only about 56% of health facilities fill
their temperature charts systematically twice a day as
recommended [9,10].
Cameroon persistently registers outbreaks of vaccine
preventable disease such as measles even with high vac-
cination coverage [11]. With this situation, the quality of
vaccines (being it storage problem or the efficacy) was
seen as one of the major issues of the Expanded Pro-
gram on Immunization in Cameroon. This study was
done in the North West Region as a pilot study taking
the first step in looking into the root causes of the com-
pensation of the vaccines’ quality by evaluating cold
chain monitoring. The results of this study will help to
document some of the barrier to the cold chain moni-
toring which we can improve upon to ameliorate the
immunization program thereby reducing morbidity and
mortality caused by vaccine preventable diseases in
Cameroon.
Methods
It was a cross sectional study done in the North West
region of Cameroon. It targeted eight randomly selected
health districts of the region. All health facilities from
each selected health districts were included. The North
West Region of Cameroon is having an estimated total
population of 1,901,579 inhabitants for the year 2013
unevenly distributed over 19 health districts and 218
health areas.
Cameroon health system is divided into 3 levels. These
are the central level represented by the ministry of
health; the intermediate level represented by the regional
delegations of health; and the peripheral level repre-
sented by health districts. The Expanded Program on
Immunization (EPI) is represented at all levels of thehealth system: at the central level, we have the national
technical committee for EPI, at the regional level, we
have the regional technical team for EPI, and the health
district level we have the district health services. Vaccine
procurement chain in Cameroon indicates that central
store is provided by the manufacturers. This national
store now supplies the regional stores which in turn sup-
ply the district stores. The district store supplies the
health facilities where vaccination effectively takes place.
Health facilities (HF) are categorized into integrated
Health centres (Headed by a senior nurse), sub-
divisional hospital headed by a medical doctor, district
hospitals (first reference hospital), regional hospital
(second reference hospital) and so on.
The North West region was selected as a pilot site for
the study and also due to persistence outbreaks of vac-
cine preventable diseases in the region. The sampling
technique implemented here was multistage. First of all,
the health districts were grouped as rural and urban; 5
rural and 3 urban districts were selected from their re-
spective groups by lottery. This 5 (from 12) rural to 3
(from 7) urban selections was in conformity with distri-
bution of the rural and urban districts among the 19
health districts. In each of the health district selected, all
the health facilities taking part in the EPI were targeted
for the study. One health staff from the EPI unit was
taken into the study per health facility. The health staff
was selected randomly from the available ones per unit.
Figure 1 show the situation of North West region of the
map of Cameroon and the various health district of the
region.
The data collection tools were developed following the
recommendation of the Norms and Standard for EPI in
Cameroon. They were further pre-tested, reviewed and
validated by the research team. The pre-test was done in
Santa Health district of the North West region. The data
were collected by one of the research team members
after being trained on the consenting procedures and
the data collection procedures by the other co-
investigators. Data collection was by the administration
of a questionnaire face to face to health staffs, direct ob-
servation of the cold chain and the consultation of the
related documents to evaluate the availability and the
functionality of the cold chain equipment, resources and
the power supply.
The ethical approval of this study was obtained from
the Cameroon National ethics committee. The informed
consent form was written and since the study target
health workers, each participant was given a copy to
read, ask questions and free decide whether to partici-
pate or not. Acceptance was indicated by putting a sig-
nature on the informed consent form and only those
who accepted and signed the form were included in the
study.
Figure 1 Map of Cameroon showing the regions and the health districts of the North West region.
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tionality of refrigerator, vaccine carriers, contingency plan,
power supply, thermometer, guidelines, temperature chart
and icepacks. The temperature chart was verified to see if
it was completely filled while taking note of the number of
temperature records out of the recommended intervals.
The presence of foods and other substances not au-
thorized to be put in the refrigerator as well as the ar-
rangement of vaccines in the refrigerator was also
verified and noted. On the other hand, the data col-
lected from the health personnel were basically to
evaluate their knowledge on the cold chain monitor-
ing. These included: knowing the recommended
temperature range, knowing the freeze sensitive vac-
cines, how to arrange vaccine in a frontly loaded re-
frigerator and about the open vial policy.
The data collected were coded, entered, cleaned and
analyzed in the Epi Info software version number 3.5.4.
In the data cleaning process, some key variables were
run and the consistency and coherency of the variable
checked. The major analysis done was purely descriptive
running frequency and calculating the confidence inter-
val at 95% level of confident.Results
Characteristics of participants
Sixty-five from the 70 health facilities were targeted in 8
health districts included 8(12.3[5.5-22.8]%) District
Health Services, 48(73.8[48.6-74.3]%) integrated health
center, 5(7.7[2.5-17.0]%) sub divisional hospitals, 3(4.6
[1.0-12.9]%) district hospitals and 1 (1.5[0.0-8.3]%) re-
gional hospital. Forty-eight (73.8[61.5-84.0]%) of these
health facilities were public institutions. The knowledge
of 65 health service providers was evaluated of the 65
health personnel interviewed, 48(73.8[61.5-84.0]%) were
female and 56(87.5[76.8-94.4]%) nurses. About 90% of the
personnel had had 2 years or more working experience.
Thirty-six (56.3 [31.4-56.7]%) of these health workers re-
ported to have been trained on cold chain monitoring.
Availability of cold chain equipment, resources and
power supply in health facilities
Table 1 presents distribution of key indicators of the
availability of cold chain per type of health facility.
Many of the health facilities without a refrigerator
needed one. The national guidelines recommend that
each health facility should offer immunization activities
Table 1 Distribution of key indicators of the availability of cold chain per type of health facility
Indicator Type of HF
Total (%) Private (%) Public (%)
Health facility with at least one fridge in a working condition 53(81.5) 12(70.6) 41(85.4)
Number of functional fridges with a working thermometer 52(98.1) 11(91.7) 39(95.1)
Refrigerator with contingency plan pasted on the fridge 11(21.2) 4(33.3) 7(17.5)
Number of health facilities with a vaccine stock register 32(61.5) 7(41.2) 25(62.5)
Presence of the national guidelines on immunization 41(66.1) 11(64.7) 30(63.8)
Presence of electricity 53(81.5) 14(95.9) 39(84.8)
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posed to offer a minimum package of health activities
defined by the health policy and immunization is part.
Status of cold chain monitoring in health facilities
In 26(50.0[34.8-63.4]%) of the health facilities with a
temperature recording sheet, a total of 409 days were
skipped without recording the temperature twice daily
as recommended. Six (11.3[4.3-23.0]%) health facilities
reported to have had a technical break down of refriger-
ator during the last 2 months and a total of 13 vials of
OPV were found with the vaccine vial monitor at a dis-
card point in 2(3.2[0.4-10.8]%) health facilities.
Concerning the 60 days preceding data collection, elec-
tricity outage was registered on the temperature recording
sheet of 5(10.0[2.5-17.0]%) health facilities. A total of 239
abnormal temperatures were recorded in 14(26.9[12.3-
33.5]%) health facilities. A total of 14(26.9%) vaccine
fridges were exposed to overheating (temperature higher
than 8°C) and 6(12%) exposed to cold (temperature lower
than +2°C) in the two previous months to data collection.
It is worth noting that all the vaccine refrigerators that
were exposed to cold during the two months were equally
exposed to overheating. Table 2 presents distribution of
key indicators of the status of the cold chain stratified per
type of health facility.Table 2 Distribution of key indicators of the status of the col
Indicator
Temperature chart correctly filled
Temperature at the moment of data collection found between + 2 to +8
Number of HF with at least one temperature out of the +2 to +8 during the
two previous month to data collection
Icepack adequately parked
Number of HF in which vaccines were adequately parked
Number of HF in which diluents were adequately parked
Number of functional fridges with a temperature recording sheet
Number of HF in which stock register included diluents
Number of HF in which vaccine storage was properIt should be noted on Table 2 that the rate of abnor-
mal temperature recorded during the data collection
period was significantly higher in public health facilities
than in the private. This could be caused by the fact that
many of the public health facilities did not store vaccine
properly. Improper storage was mostly due to presence
of food in the vaccine refrigerator, vaccines not kept at
the correct compartment, inadequate air circulation, and
absence of icepacks in the refrigerators.
Knowledge of the health workers on the monitoring of
the cold chain
Table 3 presents the distribution of key indicators of
knowledge of health personnel on cold chain monitoring.
It can be noted from the Table 3 that only 37.3% of
the health worker knew the correct duration in which
vaccines should be stored in the health facilities.
It should be note that 20 out of 53 health personnel
did not know the correct place to place the measles vac-
cine in the refrigerator.
Discussion
This study was conducted to evaluate availability and
functioning of cold chain equipment as well as know-
ledge and practices of health personnel in its monitoring
in the North West Region of Cameroon. About 81.5% ofd chain stratified per type of health facility
Type of the health facility










Table 3 Distribution of the key indicators of knowledge of health personnel on cold chain monitoring
Indicator Frequency (%)
Trained Not trained
Fridge should be turned on at least 24 hrs after its arrival 18(50.0) 18(64.3)
Vaccine should be kept in the fridge 6 to 8 hours after turning it on 28(77.8) 18(64.3)
Correctly know the open vial policy as applied to TT 22(61.1) 16(57.1)
OPV can be frozen and is not damage 24(66.7) 13(48.1)
OPV can still be used two days after the vial is opened 34(94.4) 22(81.5)
Vaccines are stored in the health facilities at a temperature between +2°C to +8°C 428(77.8) 15(62.1)
Vaccines are stored in the District Health Services at a temperature between +2°C to +8°C 22(66.4) 9(42.9)
Vaccines should be store in the HF only for a maximum of 1 month 13(41.9) 6(30.0)
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Program on Immunization in the North West Region
had a functional refrigerator. At the moment of data col-
lection, temperature out of the recommended vaccine
storage temperature range of +2°C to +8°C was recorded
in 32.7% of health facilities that had a functional therm-
ometer. In total, 36.9% health facilities had 239 abnormal
temperatures during two previous months. Up to 43.8%
did not know the recommended vaccine temperature
storage range.
The fact that only some selected health facilities in the
North West were included predisposes the study to se-
lection bias. Collecting data by interview limited the re-
sult only on what the participants said. Therefore liar
and loss of memory may bias the results obtained. Also,
not all the targeted health facilities and health personnel
accepted to participate. This non response rate may also
bias the final results of the study found. The act of col-
lecting data by observation can also induce a measure-
ment bias. The fact that the study was done only at a
particular period of the year can also bias the results
since we could hardly know what happens throughout
the year. Also, recording temperature twice a day or at
the moment of data collection with a thermometer may
not actually tell to what extent vaccines were exposed to
sub-optimal temperatures. This study only reported the
exposure of vaccines to sub-optimal temperature at the
storage facilities and vaccines can equally be exposed to
sub-optimal temperatures during transportation.
However, the selection of the health district, health fa-
cilities and the personnel that participated in this re-
search was done randomly. Therefore this study is less
likely to be explained by a selection bias. Also, the data
collectors were trained before being sent to the field and
they were thoroughly supervised during the collection.
Therefore, the results of this study are less likely to be
explained by measurement bias. It can thus be said that
the result presented by this research is a true picture of
what happens in the North West Region when talking
about the cold chain.This research indicates that the availability of cold
chain is satisfactory. About 81.5% of the participating
health facilities had at least one functional vaccine re-
frigerator and 98.4% of the health facilities with a func-
tional refrigerator had at least one source of power
supply. This is not very different from the result of a
study published in 2013, in which only 70% of the health
facilities had a functional vaccine refrigerator [10] with
about 85% of the participating health facilities had at
least one sources of power supply [10]. However, the
slight difference observed may be due to sample vari-
ation or still, it may be because of the fact that the later
study selected only districts already noted for low vac-
cination coverage and former selected districts randomly
in one of 10 health regions of the country. Some of these
health facilities had refrigerators but thermometers were
still to be provided (6%). This same problem has been
documented by many authors working independently
[9,10,12]. The health facilities without a functional cold
chain are forced to go to the nearest health facilities hav-
ing cold chain in search of vaccines each time they are
to organize an immunization session and to take these
vaccines back to those facilities after the sessions as rec-
ommended by the national SOP [2]. This upward and
downward movement with the vaccines predisposes the
vaccine to overheating and long term exposure to light
which can damage the vaccines and handicap the ex-
panded program on immunization seriously [2-4]. This
situation is a source of doubt about the immunization of
vaccinated children. This can explain a situation ob-
served in Cameroon in which more than half of people
with measles were reported to have been vaccinated
against it [11]. Vaccine wastage rate may increase and it
can also lead to vaccine stock out. The work load of the
health worker is increased but the main objective of the
immunization which is to effectively immunize children
is not attained [13-20]. Although some of the health fa-
cilities lack a functional cold chain because of lack of re-
sources, others fail to maintain the cold chain
equipment when they are bad. Buying cold chain
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them and instituting a maintenance system may help the
situation [19-21]. However, the 69.5% that had an alter-
native power source different from their main source
were seen at the positive end. It was documented in a
study in Nigeria that irregular power supply of health fa-
cilities and absence of standby generator were major risk
factors of loss of vaccine potency [22].
The status of cold chain monitoring did not meet recom-
mendation in guidelines [2]. At the moment of data collec-
tion, refrigerator’s temperature within the recommended
vaccine storage temperature range of +2°C to +8°C was re-
corded in 67.3% of health facilities that had a functional
thermometer. This is not very different from the propor-
tion documented in Cameroon in 2013 which 70.1% [10]
of the vaccine refrigerators had a temperature within the
recommended range during the data collection. The
situation seems to be better in Ethiopia in the year
2000 with 88.3% of the vaccine refrigerator recorded
temperatures within the recommended range during
the data collection [12]. The apparent higher propor-
tion of health facilities with cold chain in recommended
range in Ethiopia could be explained by the fact that
the recommended temperature range in the study in
Ethiopia was 0°C to +8°C [12]. In any cases, these stud-
ies were consistent in underlying that in10 to 33% of
health facilities EPI vaccines administered are exposed
to ranges of temperatures that question its efficiency
and safety. This problem of vaccine exposure to abnor-
mal temperatures is a worldwide issue and has been
documented from many studies [9-11,13-15,21-23].
This could be explained by the low proportion of the
health workers having access to national guidelines,
trained on how to monitor the cold chain, supervised,
and using the contingency plan, frequency power out-
age, [21,22].
About 11.3% of the health facilities reported to have
had a refrigerator breakdown during the last 2 months.
Refrigerator breakdown was also documented in a study
conducted in Ethiopia in 2000 in which 31.3% of the
health facilities reported to have registered refrigerator
breakdown [9]. Breaking down of refrigerators induces
temperature increasing and exposure of vaccine to un-
acceptable ranges of temperature and is expected to ac-
celerate its loss of potency. It has to be prevented by
making available and training health personnel on cold
chain contingency maintenance plans.
Temperature recording was complete and up to date
in 49.0% of the health facilities with a temperature re-
cording sheet. A similar situation was documented by in
Cameroon 2013as 40.7% [10] and in Ethiopia in 2000 as
57.8% [9]. The SOP in Cameroon recommends that the
temperature should be registered twice daily every day
including weekends and holidays [2-4]. This may beexplained by lack of motivation, training and supervision
of health personnel.
This study also documented the need to train health
personnel in cold chain monitoring. About 71.7% of the
participating health personnel were able to know the
recommended temperature storage range (+2°C to +8°C).
About 62.5% of the health personnel did not know the
correct time interval that must be waited before starting a
fridge after the arrival. Close to half of them did not know
how to store vaccines in the refrigerator… This condition
has been documented in Mozambique in 2007 in which
52% were able to know the recommended temperature
storage range [21]. This could be explained by the absence
of training and supervision [23]. Periodic assessment and
response to training requirements should contribute in
improving the situation. This training should be based on
standardized guidelines on cold chain monitoring.
Conclusion
The availability of vaccine storage equipment can be ac-
ceptable in the North West Region of Cameroon. If well
utilized, these are enough to attend the desired level of
vaccination coverage which can enable herds’ immunity
(group immunity). However, the availability of the power
sources and alternative sources was not very good. The
number of health facilities using electricity as their pri-
mary power source predominates but the major challenge
of this type of power supply is irregularity in the supply.
The cold chain monitoring status in the North West
Region is inadequate to ensure proper vaccine storage.
There is a call for concern on the status of the cold
chain monitoring since it can cripple the immunization
program. Stake holders such as the Ministry of health,
Regional Delegation and the various health districts
should take this as a major preoccupation.
It is true that many of the health personnel knowledge
and practices on cold chain monitoring was not too bad,
but a lot still needs to be done to improve on this aspect.
Potential factors associated, likely to be responsible of
this low level of knowledge and practices include insuffi-
cient/no training, insufficient/no supervision, absence of
the SOP for vaccine storage and so on. Acting on theses,
can ameliorate their practices and the status of cold
chain as a consequence, which will have as an impact
vaccination of children with a well potent vaccine and
effective immunization rate increase and the elimination
and eradication of the vaccine preventable diseases in
the North West Region and the Cameroon as a whole.
Recommendations
To the District and Regional health authorities
– to map access to power supply in health facilities in
charge of implementing EPI activities and provide
Yakum et al. BMC Research Notes  (2015) 8:145 Page 7 of 7those with no access to hydroelectricity with
alternative sources
– ensure that all health facilities implementing EPI
activities have the Standard Operating Procedure for
EPI in Cameroon.
– organize to prevent power interruption in health
facilities by stocking alternative sources of power
like solar, gas and kerosene,
– continuously train health personnel on cold chain
monitoring
– supervise health personnel the monitoring cold
chain at reasonable periodicity
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